A taxonomic study on the crinoids (feather stars) collected from 34 sites from the Red Sea coasts and islands as well as the Suez Canal was done during the period from 1992 to 2003. A total of 15 species are now known from the Red Sea belonging to eleven genera under six families. Among them four species are endemic to the Red Sea and the two species, Decametra chadwicki and Lamprometra klunzingeri, are recorded from the Suez Canal for the first time. Also, the two species, Oligometra serripinna and Dorometra aegyptica, are new record from Gulf of Suez, and Decametra mollis from Gulf of Aqaba and Northern Red Sea. This study represents the first proper documentation of crinoid species in the study area. Summaries are provided of the specific habitats and geographical distribution.
Introduction
Feather-stars constitute group of echinoderms belonging to class Crinoidea and order Comatulida, having five to hundreds of arms surrounding their cup-like bodies [1, 2] . Just like their closest relatives, the sea lilies, feather stars are stalked only in the juvenile stage but detach their cup-like bodies in the adult stage to become freely moving or motile crinoids [2] . Feather stars are regarded as primitive echinoderms and today's living species all belong to the subclass Articulata [3] . Order Comatulida is composed of 18 extant families, with family Comasteridae being the most common in tropical shallow-water in both the Indo-West Pacific and the Western Atlantic [4] [5] [6] [7] . Feather stars are among the least known echinoderms attributable to difficulty in their collection on account of their fragile nature, secretive habits, and distribution in deep waters. Also, their identification requires patience and painstaking attention to morphological details [8, 9] . In the Red Sea, although it is believed that shallow waters (<50 m deep) are inhabited by living species of feather stars [10, 11] , there are no documented studies to warrant this claim. In present study, identified key of all crinoid species known from the Red Sea was applied. Also summaries of the specific habitats and geographical distribution are provided.
Material and Methods

Field Observation, Collection and Preservation
Many field trips were made to the Egyptian Red Sea coasts and islands, Gulfs of Aqaba and Suez and Suez Canal lakes during the period from 1992 to 2003. A total of 34 sites were surveyed and intensive collections of feather stars were done. The survey included both tidal and subtidal habitats (e.g. coral reefs and rocky habitats). At each site, characteristics of specific habitats, position and site name, community structure, substrate type and crinoid distribution were recorded ( Table 1) . To loosen the animal's grip on the substrate, a small metal bar was inserted between the cirri and the substrate, a technique employed to avoid possible breakage to the fragile arms. The animals were then placed in containers filled with sea-water and transported back to land, the natural color was noted. The specimens were then carefully lifted and immersed into their respective sea-water-filled containers to which 95% ethanol (3 parts sea water: 1 part 95% ethanol) was added, oral side down with arms spread out. Using the fingers, pressure was gently applied for about 30 second to restrain and keep the specimen in place and hasten fixation. When the animal became totally immobile, the seawater-95% eth nol solution was replaced a 
Morphological Examination, Identification and Measurement
Specimens were examined, noting important diagnostic features [14] . The body of crinoids is supported by calcium carbonate skeleton covered by a tissue layer (=skin). The central body (=theca) that houses the viscera is composed of a series of articulated ossicles forming the calyx. The theca and pinnule-bearing arms (brachials) of stalked juvenile feather stars make up the crown, while unstalked adult feather stars have cirri characterized as long hook-like structures for attachment. The calyx is composed of five basal ossicles (=basals) which may be absent or reduced, and five radial ossicles (radials) that support the central disk. Ambulacral grooves extend from the mouth to the arms and pinnules. The centrodorsal (discoidal, hemispherical, cylindrical, star-or cone-shaped) is a large ossicle at the center of the aboral side of the body, where there are sockets for cirri attachment. Two arms, cirri, and the diameter of the central disk were measured in cm. The status of each species was determined using the following categories.  "Rare species" was applied when only 1 -5 individuals of a species were present.  "Common species" was given for a species having 5 -10 individuals.  "Abundant species" for a species has more than 10 individuals. At the laboratory, crinoid specimens were sorted and identified using standard keys [10, 11, 15, 16] . In addition, some important taxonomic works [17] [18] [19] [20] [21] were used in the identification of the specimen at the family, genus and species level.
The species list for the crinoids of the Red Sea and adjacent waters such as Arabian Gulf, Southeast Arabia and East Africa was compiled using the present data and information from the works of available literatures. The geographical distribution patterns of crinoid species, recorded in the present study and adjacent waters were compared.
The following terms are used in the identification and description of crinoid species (Figure 1) . Brachials: the calcareous ossicles of the arm (extending the division series).
Centrodorsal: the large plates occupying the center of the dorsal or aboral side, in shape discoidal, hemispherical, or sometimes conical and usually bearing cirri except on its apex or dorsal pole.
Cirri: the jointed appendages arising from the centrodorsal, for temporary attachment to the substrate.
Radials: the five plates from which the division series (or arms) arise; superficially they are only narrowly visi- ble in adults of most species.
Division series: the ossicles between the radials and the first brachials of the undivided arms absent only in five armed genera; the distalmost ossicle of the division series is an axillary.
Pinnules: the slender jointed appendages arising from the brachials on alternate sides, the proximal one or more of which are modified as oral pinnules. The pinnules on the outer (inter-radial) side of the arm are designated P 1 , P 2 , etc. and the inner side P a , P b , etc.
Zyzygy: a rigid breaking-joint occurring at intervals in division series and arms, often regularly placed; the articulation is by ligament rather than muscles and the joint faces bear numerous fine radiating ridges so that externally the suture may appear discontinuous or undulating.
Results
Key to the Species, Genera and Families Recorded in the Present Study
1
Proximal pinnules very flexible and with some of the terminal segments modified to form a comb " Figure 2(a) 
3(1)
Middle and distal cirrus segments with a pair of dorsal spines or tubercles, one each side of the midline, rarely transverse ridge " Figure 2(b) 
7(3)
The proximal pinnules at least with a slight, sometimes well marked, keel or series of processes on the dorsal side basally " Figure 2(g) ", or else all the pinnules prismatic for their entire length; often more than 10 arms; the second brachial zyzygy usually farther out than brachials 9 and 10; the brachials distinctly wider than long for at least the proximal half of the arm, sometimes discoidal in shape.
-
No keel on the dorsal surface of any of the pinnules; only 10 arms; the second brachial zyzygy almost invariably at 9 + 10; brachials after about the fourteenth usually as long as wide or longer and distinctly wedge-shape.
ANTEDONIDAE 13 8(7)
Only the proximal pinnules at all prismatic; the distal pinnules, if not all of them, flexible and not conspicuously stiffened. 9 -All the pinnules prismatic and conspicuously straight and stiff; 10 arms only and carinate dorsally, at least in the proximal half; no dorsal or ventral processes on the cirrus segments " Figure  2 
9(8)
Ten or more arms; if more than 10 then the external IIBr series at least usually of four ossicles " Figure 2(k) ". HIMEROMETRIDAE. 10 -Always more than 10 arms, the IIBr series and any other division series of 2 ossicles " Figure  2(j) ". MARIAMETRIDAE. 11 10(9) Dorsal spines on the distal cirrus segments sharp and usually long, some cirrus segments longer than broad; usually 20 arms; P 2 and P 3 similar in size " Figure 2( 
Discussion
Crinoids are prominent part of coral reef crypto fauna [22] . Although they are not as species rich (15 species) as ophiuroids 49 species [23] , asteroids 36 species [24] , holothuroids 28 species [25] or brachyuran crabs 361 species [26] and bivalves 180 species [27] many of such species are large in size and others are numerically abundant. The total number of crinoids recorded in the Northern Red Sea and the areas used for comparison (adjacent waters as in [10, 18, 20] ) were given in " Table 2 ". Also shown are the species that appear to be endemic. The total number of crinoid fauna recorded from the Red Sea in the present study is 15 species, belonging to 11 genera and 6 families. Gulf of Aqaba and Northern Red sea were the more diverse in their crinoid fauna than other areas, where they included 12 and 11 species respectively. While Gulf of Suez contained 9 species and Suez Canal comprised only two crinoid species. Most crinoids were recorded in Sothern Red Sea (12 species), with fewer and/or even less species in the East Africa, South-East Arabia and Arabian Gulf (5, 4 and 3 species respectively) as mentioned by some worker [10, 18, 20] (Table 2 ). All recoded crinoid species from the Red Sea are Indo-Pacific origin [20, 28] . The Red Sea which considered one part of the Indo-Pacific region [10] is richer in its crinoid fauna (15 species, represented 10.9% of the total IndoPacific species) than the adjacent waters. For example, South East Arabia included 6 species (4.3%) [10, 20] . Also, references [10, 20] recorded 14 species (10.1%) from East Africa and Madagascar and 6 species (4.3%) from Arabian Gulf. Most of the recorded species in the above mentioned areas were found in the Red Sea. In contrast, the Red Sea considered very poor in its crinoid fauna if compared with other regions of the Indo-Pacific area. Reference [10] mentioned that Ceylon included 26 species (18.8%) and North Australia contained 42 species (30.4%). Of which only four species were found in the Red Sea. Whereas crinoid fauna at New Caledonia represented by 28 species (20.3%) [16] . Such pattern of distribution and diversity did not agreed with general opinion as in [20, 28, 29] that the Red Sea crinoid fauna is impoverished comparing with the fauna of adjacent waters and vise versa with other far waters of Indo-Pacific regions.
The degree of endemism in the Red Sea biota is difficult to evaluate, largely through insufficiency of taxonomic data and possible bias of certain taxonomists involved [20] . The proportion of endemic crinoids appears high (26.6%) if compared with other groups of echinoderms. However, in major groups of animals within the Red Sea as a whole, the proportion of species that are endemic ranges from 10% -20% [20] ; within smaller groups the proportion may even reach 50% [29] . The tendency to produce endemic species appears to be great in areas like the Red Sea, which are almost completely enclosed and have environmental conditions differing from those of the neighbouring open sea.
Richness in species and high population are two of the most striking characteristics of the shallow water crinoid fauna along the coral reef of the northern Red Sea. This seems to contradict the assumption as in [15] that the comatulid fauna of coral reefs represents the "upper fringe" of a more extensive fauna in deeper waters. Of the northern Red Sea crinoids, 15 species are highly stenobathic; they inhabit waters above the 25 m isobaths, and only one species, Heterometra savignii, was collected at depths exceeding 30 m. In contrast, in other parts of the Indo-Pacific basin, most of the comatulids are collected in fairly deep water [20] . Perhaps the benthic fauna of the Gulf of Aqaba exhibits a tendency to "shallowness". Possibly, the high degree of environmental complexity observed in shallow waters of the northern Red Sea is responsible for the pronounced diversification of the crinoid fauna. Along the coral reefs, between 1 to 25 m, 15 crinoid species are found. Reference [30] mentioned that no benthic community has been defined yet in terms of its crinoid component. It seems that in future definitions of bathymetric zones in the northern Red Sea, the comatulids should be considered as an important element. These animals participate in the increase of species diversity, as well as in the consumption of large amounts of planktonic food. In the latter respect, they can compete with the reef coral population, on and among which they live and feed.
Shallow-water comatulids exhibit a circadian activity rhythm which declines with increasing depth and disappears at a depth of 15 to 20 m [31] . Some of the crinoids found in the northern part of the Red Sea are known only from this basin (Comissia hartmeyeri, Decametra chad- 
Conclusion
This study revealed that 15 crinoid species are known from the Red Sea belonging to 11 genera under 6 families. Among them 4 species are endemic to the Red Sea, two species from Suez Canal and other two species from Gulf of Suez, in addition, one species from Gulf of Aqaba and Northern Red Sea are recorded for the first time.
